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Accompanying Data S1 and Table S1 are available at <http://jaha.ahajournals.org/content/5/1/e002867/suppl/DC1>

Introduction {#jah31270-sec-0004}
============

Mortality is increased 2‐fold in patients with rheumatoid arthritis (RA).[1](#jah31270-bib-0001){ref-type="ref"} Cardiovascular disease (CVD) due to atherosclerosis is the leading cause of death in these patients.[2](#jah31270-bib-0002){ref-type="ref"}, [3](#jah31270-bib-0003){ref-type="ref"} Although traditional risk factors for atherosclerosis account for some of this risk, having a diagnosis of RA also puts one at risk, likely due, at least in part, to the adverse effects of chronic inflammation on the vasculature.[4](#jah31270-bib-0004){ref-type="ref"}, [5](#jah31270-bib-0005){ref-type="ref"} Antirheumatic medications appear to modify the risk of CVD in RA. Methotrexate[6](#jah31270-bib-0006){ref-type="ref"} and tumor necrosis factor α inhibitors[7](#jah31270-bib-0007){ref-type="ref"}, [8](#jah31270-bib-0008){ref-type="ref"} have been associated with decreased clinical CVD in RA, whereas corticosteroid use is associated with increased clinical CVD.[9](#jah31270-bib-0009){ref-type="ref"}

Hydroxychloroquine has been used in the treatment of RA for decades and is associated with decreased risk of diabetes,[10](#jah31270-bib-0010){ref-type="ref"}, [11](#jah31270-bib-0011){ref-type="ref"}, [12](#jah31270-bib-0012){ref-type="ref"} a less atherogenic lipid profile,[13](#jah31270-bib-0013){ref-type="ref"} and antithrombotic properties due to effects on platelet aggregation[14](#jah31270-bib-0014){ref-type="ref"} in addition to its disease‐modifying effect in RA. Despite these promising traits, the association of hydroxychloroquine with the risk of CVD in RA has not been studied. The purpose of the present study was to examine the association of hydroxychloroquine use with incident CVD in a retrospective inception cohort of RA patients.

Methods {#jah31270-sec-0005}
=======

Geisinger Health System (GHS) is a multispecialty system in central Pennsylvania with fully implemented electronic health records since 2001. For the present study, a retrospective cohort of incident RA patients from January 1, 2001, to October 31, 2013, was assembled (n=1459). RA diagnosis was based on International Classification of Diseases, 9th Revision (ICD‐9) code 714.0 twice by a GHS rheumatologist, and this definition was validated, as reported previously.[13](#jah31270-bib-0013){ref-type="ref"} Included patients had a primary care physician within the GHS network to enhance availability of data on laboratory values and comorbidities and to ensure that the majority of CVD events were captured. Patients with CVD (defined as a composite of coronary artery disease \[CAD\], stroke, transient ischemic attack \[TIA\], and peripheral arterial disease with revascularization procedure) prior to RA diagnosis were excluded.

Eligible patients (n=1266) were divided into hydroxychloroquine users and nonusers, according to hydroxychloroquine use throughout the observation period. Patients were allowed to contribute time to either group according to hydroxychloroquine exposure. Any ≤30‐day gap between hydroxychloroquine exposures was considered continuous hydroxychloroquine use; therefore, events occurring within the first 30 days of hydroxychloroquine start were attributed to the nonuser group. Accordingly, in case of hydroxychloroquine discontinuation, events occurring within 30 days of discontinuation were attributed to the hydroxychloroquine user group. Additional sensitivity analysis was performed treating hydroxychloroquine use as continuous for gaps of 90 days in accordance with the delayed effect of this disease‐modifying antirheumatic drug.

The primary outcome was incident CVD defined as a composite of CAD (myocardial infarction, unstable angina, or cardiac revascularization procedure), sudden death due to cardiac etiology, stroke, TIA, and peripheral arterial disease with arterial revascularization procedure. Incident CVD cases were identified electronically based on a broad range of ICD‐9 codes to ensure that all prevalent CVD cases were excluded and possible incident CVD cases were captured. Electronically identified incident CVD cases were subsequently reviewed and validated by an internal medicine hospitalist and 1 of the authors (D.V.) who was blinded to the study hypothesis using prespecified criteria. The sudden death cases were reviewed and validated by another author (T.S.S.). The secondary outcome was a composite of incident CAD, stroke, and TIA to capture only ischemic events in accordance with the Framingham Risk Score.[15](#jah31270-bib-0015){ref-type="ref"} Covariates included demographics such as age, sex, and ethnicity. Comorbidities included diabetes mellitus, hypertension, hyperlipidemia, smoking, body mass index (in kg/m^2^), and low‐density lipoprotein. Measures of RA severity or activity included rheumatoid factor, anti--cyclic citrullinated peptide antibodies, and erythrocyte sedimentation rate. Medications included corticosteroids, nonsteroidal anti‐inflammatory drugs, methotrexate, tumor necrosis factor α inhibitors, and statins (Data S1). In the GHS electronic health records, medications were reconciled by a nurse and a physician at each visit.

Statistical Analysis {#jah31270-sec-0006}
--------------------

Patient follow‐up started at the time of RA diagnosis and continued until the first CVD event, death, or end of the observation period. At GHS, inpatient sudden deaths are coded by cause of death, so a sudden death caused by CVD would have been coded using one of the CVD‐related ICD‐9 codes.

The primary analysis was the comparison of incident CVD risk between hydroxychloroquine users and nonusers. The secondary analysis was the comparison between hydroxychloroquine users and nonusers and incident composite CAD, stroke, and TIA. Adjustment for covariates was done at baseline with the exception of medications (time varying). Rates of CVD were determined for each medication group and expressed as the number of events per 1000 person‐years. Results were expressed using a Poisson regression model to estimate the event rates across groups and expressed as incident rate ratios. A propensity score for the probability of each patient receiving hydroxychloroquine was calculated using a logistic regression model that adjusted for age, sex, body mass index, anti--cyclic citrullinated peptide antibodies, rheumatoid factor, corticosteroids, methotrexate, and tumor necrosis factor α inhibitors. A box plot was used to investigate differences in the propensity score between hydroxychloroquine users and nonusers. If balancing was achieved, the distributions of propensity scores for user and nonuser groups within each quintile were considered to be similar. We found that within‐strata box plots showed balanced distribution between groups.

Time‐dependent Cox regression models were used to calculate the hazard ratio (HR; and 95% CI) of CVD for the hydroxychloroquine users compared with nonusers, adjusting for age, sex, body mass index, low‐density lipoprotein, smoking, diabetes, hypertension, anti--cyclic citrullinated peptide antibodies, rheumatoid factor, erythrocyte sedimentation rate, methotrexate, and tumor necrosis factor α inhibitor use. Kaplan--Meier analysis was used to compare the CVD‐free probability over time in the hydroxychloroquine users versus nonusers.

Finally, a fixed‐effect Cox regression model in which hydroxychloroquine use was taken as a time‐fixed binary variable (ie, ever versus never use) was applied as a sensitivity test.

Analysis was performed using the SAS (version 9.4) statistical package (SAS Institute, Inc). A 2‐sided test was used for reported *P* values with a significance level of 0.05.

Institutional review board approval was obtained, and informed consent was waived for this observational study.

Results {#jah31270-sec-0007}
=======

We identified 1459 eligible patients with RA. After excluding 192 patients with prevalent CVD and 1 patient with medical record inconsistencies, 1266 patients were included in the final analysis, with 547 hydroxychloroquine users and 719 nonusers. Median observation time was 6.0 years (25th--75th percentiles 3.1--9.9 years). The median time for hydroxychloroquine exposure was 2.3 years (25th--75th percentiles 0.95--4.8 years). The median time for hydroxychloroquine onset after the RA diagnosis was 1.76 years (25th--75th percentiles 0.63--4.62 years). Patients were predominantly female (80%), 97% white, and 51% rheumatoid factor positive, with a mean age of 56.3 years (±13.9 years). The average dose of hydroxychloroquine was 400 mg/day.[13](#jah31270-bib-0013){ref-type="ref"} Patient characteristics according to hydroxychloroquine exposure are shown in Table [1](#jah31270-tbl-0001){ref-type="table-wrap"}.

###### 

Characteristics According to Hydroxychloroquine Ever Use and Never Use[a](#jah31270-note-0004){ref-type="fn"}

  ---------------------------------------------------------------------------------------------------------------------------------
  Variables                                            Hydroxychloroquine Ever Use (n=547)   Hydroxychloroquine Never Use (n=719)
  ---------------------------------------------------- ------------------------------------- --------------------------------------
  Demographics                                                                               

  Age at RA diagnosis, y                               55±13                                 57±14

  Female (%)                                           443 (80)                              510 (71)

  White (%)                                            526 (96)                              701 (97)

  CVD risk factors                                                                           

  Smoking (%)                                          160 (29)                              225 (31)

  BMI, kg/m^2^                                         30.8±9.4\                             29.8 (8.0)\
                                                       n=533                                 n=707

  Hypertension (%)                                     224 (41)                              255 (31)

  Hyperlipidemia (%)                                   161 (29)                              189 (26)

  Diabetes (%)                                         88 (16)                               94 (13)

  LDL, mg/dL                                           108±34\                               112±33\
                                                       n=502                                 n=626

  RA‐related measures                                                                        

  ESR, mm/h                                            24 (12--40)\                          26 (14--43)\
                                                       n=523                                 n=676

  RF positive (%)                                      302 (55)\                             338 (47)\
                                                       n=389                                 n=574

  ACPA positive (%)                                    177 (32)\                             198 (28)\
                                                       n=342                                 n=569

  Medications[a](#jah31270-note-0004){ref-type="fn"}                                         

  NSAIDs (%)                                           437 (80)                              538 (75)

  Corticosteroids (%)                                  468 (86)                              596 (83)

  Methotrexate (%)                                     339 (62)                              532 (74)

  TNF‐α inhibitors (%)                                 224 (41)                              268 (37)

  Statins (%)                                          214 (39)                              280 (39)
  ---------------------------------------------------------------------------------------------------------------------------------

ACPA indicates anti--cyclic citrullinated peptide antibody; BMI, body mass index; CVD, cardiovascular disease; ESR, erythrocyte sedimentation rate; LDL, low‐density lipoprotein; NSAIDs, nonsteroidal anti‐inflammatory drugs; RA, rheumatoid arthritis; RF, rheumatoid factor; TNF‐α, tumor necrosis factor α.

Classification of hydroxychloroquine and all medication use as ever and never is for descriptive purposes only. All medication use was treated as time varying in the analysis. Demographics, CVD risk factors, and RA‐related variables were measured as the closest values at RA diagnosis. Values are the number (percentage), mean±SD, or median (25th--75th percentiles), unless indicated otherwise.

During the observation period, there were 102 CVD events (66 CAD, 30 stroke or TIA, 6 peripheral artery disease with associated revascularization procedure), with incidence rates of 12.8 (95% CI 10.5--15.5) per 1000 person‐years for CVD and 12.8 (95% CI 10.5--15.6) per 1000 person‐years for composite CAD, stroke, and TIA. Of these events, 3 occurred in the hydroxychloroquine users (observation time of 2881 person‐years) and 99 in the nonusers (observation time of 3975.4 person‐years). CVD incidence rates for users and nonusers was 4.7 (95% CI 1.5--14.4) and 13.5 (95% CI 11.1--16.4) per 1000 person‐years, respectively, with an incidence rate ratio of 0.35 (95% CI 0.11--1.09, *P*=0.07) for users compared with nonusers. Of the 96 composite incident CAD, stroke, and TIA events, 2 occurred in users and 94 in nonusers. The composite CAD, stroke, and TIA incidence rates for users and nonusers were 3.1 (95% CI 0.8--12.4) and 12.8 (95% CI 10.5--15.7) per 1000 person‐years, respectively, with an incidence rate ratio of 0.24 (95% CI 0.06--0.98, *P*=0.04) for users compared with nonusers. Stratification of hydroxychloroquine onset time after RA diagnosis by CVD events showed no association between time of hydroxychloroquine onset and events.

The fully adjusted, time‐dependent Cox model showed HRs of 0.28 (95% CI 0.12--0.63, *P*=0.002) for incident CVD and 0.30 (95% CI 0.13--0.68, *P*=0.004) for composite incident CAD, stroke, and TIA for hydroxychloroquine users versus nonusers, respectively. Details of the fully adjusted multivariable Cox model are shown in Table [2](#jah31270-tbl-0002){ref-type="table-wrap"}. Results of the univariable analysis are included in Table S1 for reference.

###### 

Risk of Incident CVD and Composite CAD, Stroke, and TIA in RA Patients According to Hydroxychloroquine Use

  Variable                                                                                    Hydroxychloroquine Users vs Nonusers                                 
  ------------------------------------------------------------------------------------------- -------------------------------------- --------- ------------------- ---------
  Unadjusted                                                                                                                                                       
  Hydroxychloroquine                                                                          0.28 (0.12--0.63)                      0.002     0.30 (0.13--0.68)   0.004
  Fully adjusted multivariable Cox regression model, hydroxychloroquine as a fixed variable                                                                        
  Hydroxychloroquine ever use                                                                 0.60 (0.41--0.94)                      0.02      0.67 (0.42--1.07)   0.09
  Fully adjusted multivariable time‐dependent Cox regression model                                                                                                 
  Age, y                                                                                      1.05 (1.03--1.07)                      \<0.001   1.05 (1.03--1.07)   \<0.001
  Female                                                                                      1.14 (0.71--1.82)                      0.6       1.05 (0.65--1.71)   0.84
  Smoking (Yes)                                                                               2.9 (1.75--4.80)                       \<0.001   2.39 (1.42--4.01)   \<0.001
  Diabetes                                                                                    2.41 (1.45--4.01)                      \<0.001   2.10 (1.25--3.53)   0.005
  Hydroxychloroquine                                                                          0.31 (0.13--0.71)                      0.006     0.32 (0.14--0.75)   0.008

Adjustment for confounders is at baseline except for all medication use that is time‐varying. CAD indicates coronary artery disease; CVD, cardiovascular disease; HR, hazard ratio; RA, rheumatoid arthritis; TIA, transient ischemic attack.

Sensitivity analyses for CVD analyzing 90‐day gaps in treatment with hydroxychloroquine as continuous showed an HR of 0.30 (95% CI 0.13--0.71, *P*=0.006) for hydroxychloroquine users versus nonusers, respectively. For the composite incident CAD, stroke, and TIA, analysis of 90‐day gaps in treatment with hydroxychloroquine as continuous showed an HR of 0.32 (95% CI 0.13--0.75, *P*=0.008) for hydroxychloroquine users versus nonusers, respectively. Finally, analysis of hydroxychloroquine use as a time‐fixed binary variable showed HRs of 0.6 (95% CI 0.41--0.94, *P*=0.02) and 0.67 (95% CI 0.42--1.07, *P*=0.09) for incident CVD and for composite incident CAD, stroke, and TIA, respectively.

Kaplan--Meier plots comparing the probability of developing CVD over time in the hydroxychloroquine users versus nonusers are shown in [Figure](#jah31270-fig-0001){ref-type="fig"}.

![Probability of incident CVD according to HCQ use. Kaplan--Meier survival curves: A solid curve represents the HCQ users, and a broken curve represents nonusers. CVD indicates cardiovascular disease; HCQ, hydroxychloroquine; RA, rheumatoid arthritis.](JAH3-5-e002867-g001){#jah31270-fig-0001}

Discussion {#jah31270-sec-0008}
==========

In this inception cohort of RA patients, treatment with hydroxychloroquine was independently associated with a 72% reduction in all incident CVD events and a 70% reduction in the risk of incident composite CAD, stroke, and TIA.

This study is the first to report such an association. Hydroxychloroquine, as part of a triple‐therapy regimen, was associated with decreased CVD risk in RA in a case--control study of 613 RA patients.[16](#jah31270-bib-0016){ref-type="ref"} A similar protective association, with an odds ratio of 0.32 (95% CI 0.14--0.74) for thrombovascular events, was found in a nested case--control study of lupus patients after adjustment for disease severity, duration, and calendar year.[17](#jah31270-bib-0017){ref-type="ref"}

The biological plausibility of this protective association is supported by the favorable associations of hydroxychloroquine with glucose and lipids in RA patients and with thrombosis in lupus patients and nonrheumatic patients. Wasko et al[10](#jah31270-bib-0010){ref-type="ref"} reported a decreased risk of incident diabetes in hydroxychloroquine users compared with nonusers in RA, and this reduction increased with prolonged use, suggesting a causative effect. This observation was validated in subsequent studies.[11](#jah31270-bib-0011){ref-type="ref"}, [12](#jah31270-bib-0012){ref-type="ref"} Hydroxychloroquine use was also associated with decreased hemoglobin A1c in 45 diabetic patients with rheumatologic diseases[18](#jah31270-bib-0018){ref-type="ref"} and with improved insulin sensitivity in nondiabetic obese patients with systemic inflammatory conditions.[19](#jah31270-bib-0019){ref-type="ref"}

Hydroxychloroquine also has been associated with beneficial changes in lipid profiles, including decrease in low‐density lipoprotein and total cholesterol, which result in a less atherogenic lipid profile.[13](#jah31270-bib-0013){ref-type="ref"}, [20](#jah31270-bib-0020){ref-type="ref"} Finally, prior to the advances in current antithrombotic therapies, hydroxychloroquine was used perioperatively for deep venous thrombosis prophylaxis in abdominal and orthopedic surgeries.[21](#jah31270-bib-0021){ref-type="ref"}, [22](#jah31270-bib-0022){ref-type="ref"}, [23](#jah31270-bib-0023){ref-type="ref"} More recently, hydroxychloroquine use was associated with reduced risk of thrombotic events in patients with lupus and antiphospholipid syndrome.[24](#jah31270-bib-0024){ref-type="ref"} In addition, a recent study showed a platelet inhibitory effect after only 7 days of hydroxychloroquine use in healthy adults.[14](#jah31270-bib-0014){ref-type="ref"} We postulate that the antiplatelet effect of hydroxychloroquine in part explains the protective CVD association seen in our study.

The present study has multiple methodological advantages such as inclusion of patients with incident RA without preexisting CVD, thus eliminating chronic RA and CVD burden, which are hard to quantitate; primary care physicians at GHS, ensuring that the majority of CVD events were captured; physician‐entered diagnoses, physician‐reconciled medications at each visit, and available laboratory values for low‐density lipoprotein, erythrocyte sedimentation rate (as a surrogate measure of RA activity) and rheumatoid factor (as a surrogate measure of disease severity); and independently adjudicated CVD outcomes by an investigator blinded to the study hypotheses.

Limitations of the study include the potential for confounding by indication, which we attempted to minimize with the use of a propensity score for the probability of hydroxychloroquine use and the use of a multivariable regression model that adjusted for relevant confounders; however, we lacked data on use of low‐dose aspirin, family history of CVD, physical activity level, and dose of corticosteroids. Furthermore, the lack of data on RA disease activity such as tender and swollen joint counts or physician and patient global assessment is a limitation of the study because it is difficult to discern if the observed association is caused by hydroxychloroquine use or lower inflammatory burden.

Some other findings of our study warrant discussion, although they are not the primary focus of the study. In the univariable analysis (Table S1), there was a positive association of statin use with incident CVD events, but this is likely due to the high prevalence of CVD risk factors in statin users (hyperlipidemia, diabetes, or hypertension were present in 79.6% of the patients on a statin). In addition, a reverse association was shown between nonsteroidal anti‐inflammatory drug use and CVD events, which is at odds with published data.[25](#jah31270-bib-0025){ref-type="ref"} Although this is likely an incidental finding because this was not a study aim, it is possible that the exclusion of patients with prevalent CVD from the study attenuated a harmful association; nonsteroidal anti‐inflammatory drug use has been shown to confer the greatest risk in patients at high risk for or with preexisting CVD.[26](#jah31270-bib-0026){ref-type="ref"}

In conclusion, in this incident RA cohort, use of hydroxychloroquine was associated with a 72% reduction in the risk of incident CVD. Given the small number of CVD events in the hydroxychloroquine user group, the nature of the study should be considered hypothesis generating. If confirmed in larger studies, our findings should be taken into consideration in treatment strategies used in RA, which is a systemic autoimmune disease with high cardiovascular mortality. Given the relative safety and low cost of hydroxychloroquine, our findings may ultimately serve to support investigation of this agent in a randomized study for prophylaxis against CVD in nonrheumatic high‐risk patients.
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**Data S1.** Supplemental Methods: Details on the process of identification and validation of incident cardiovascular disease cases.

**Table S1.** Risk of Incident Cardiovascular Disease and Composite Coronary Artery Disease, Stroke, and Transient Ischemic Attack in Rheumatoid Arthritis Patients According to Hydroxychloroquine Use: Univariable Analysis

###### 

Click here for additional data file.
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